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USE OF INHIBITORS OF THE ACTIVATION OF CXCR4 
RECEPTOR BY SDF-1 IN TREATING RHEUMATOID ARTHRITIS 



This application claims priority of U.S. Serial No. 
09/127,651, filed July 31, 1998, the content of which is 
hereby incorporated by reference. Throughout this 
10 application various references are referred to by arabic 

numbers within parenthesis. Disclosures of these 

publications in their entireties are hereby incorporated by 
reference into this application to more fully describe the 
state of the art to which this invention pertains. 

15 

Background of the invention 

The architecture, cellular composition and state of 
cellular activation of the synovial membrane in rheumatoid 

20 arthritis have been well described (1 , 2) , but fundamental 

questions still remain unanswered regarding the precise 
molecular nature and biologic significance of these 
inflammatory changes. The intimal synovial lining layer 
that is extensively altered in synovitis synovium through 

25 hyperplasia and infiltration is formed by the interaction 

of two distinct cell types: intimal synoviocytes derived 
from the f ibroblastoid lineage and intercalated, 
hemopoietically-derived, monocytoid lineage cells (3-5). 
During histogenesis of the normal joint the lining cell 

3 0 apparently provides both guidance clues and receptor 

interactions to the specialized synovial monocytoid cells 
that result in its incorporation into the lining layer (1) . 
Together, the cells comprising the intimal layer carry out 
a number of functions responsible for the integrity and 

35 sustenance of the joint. 

The form and function of the intimal synoviocyte apparently 
distinguishes them from f ibroblastoid cells found deeper in 
the synovium, although relatively little is known about the 
40 differences between these members of the f ibroblastoid 

lineage (6) . Several genes have been identified that are 



selectively expressed in the normal intimal, but not 
subintimal synoviocytes including vascular cell adhesion 
molecule 1 (VCAM-1) (7) , uridine diphosphoglucose 
dehydrogenase (UDPGD) and decay accelerating factor 
(DAF) (6) . In chronic synovitis immunopathologic studies 
have shown that the f ibroblastoid intimal synoviocytes 
respond to the events by proliferating and altering their 
pattern of gene expression to include expression of a 
variety of molecules that range from MHC class II 
structures, through cytokines to enzymes that directly 
participate in the destructive remodelling of joint tissues 
(1,8-13). In parallel, some of the fibroblasts in 
subintimal locations similarly express MHC class II and 
VCAM-1 {6, 13) . However, the performance of more analytic 
studies of synoviocyte cell biology has been constrained 
because there is no basement membrane that delimits intimal 
synoviocytes from the subintimal f ibroblastoid cells in 
either normal or inflamed joint tissues, and the 
purification and separate culture of these two potentially 
distinct lineages has been difficult, if not impossible. 

For many years it has been recognized that long term 
cultures of f ibroblastoid cells obtained from synovial 
tissue of individuals with rheumatoid arthritis and marked 
degrees of intimal hyperplasia continue to exhibit several 
phenotypes that together are characterized by varying 
degrees of striking 'stellate' or 'dendritic' morphology, 
enhanced growth, increased glucose consumption, altered 
adherence behavior, constitutive overproduction of 
metalloproteinases and the elaboration of proinflammatory 
cytokines (13-16) . The distinctive but not entirely uniform 
phenotype of rheumatoid synoviocytes is not found in 
similarly cultured synoviocytes obtained from 
osteoarthritis synovia that lack lining cell hyperplasia 
and any inflammatory cell infiltration (16) . The occurrence 
of this distinctive phenotype has been shown to be 
characteristic of, but not unique to, cell lines 



established from rheumatoid arthritis synovia, as it is 
also demonstrable in cultures initiated from a number of 
different entities characterized by chronic inflammation, 
including osteoarthritis synovia with considerable degrees 
5 of inflammation (16) . These cell lines have been used to 

gain a series of interesting insights into the biology of 
joint inflammation (15-22) , although the origin of the 
cells in culture is somewhat uncertain and at least at the 
time of initiation includes hyperplastic intimal 

10 synoviocytes, subintimal synoviocytes, other f ibroblastoid 

cells as well as non mesenchymal cells that do not survive 
after three passages. We and others have postulated that 
the distinctive changes in synoviocyte phenotype observed 
in these cell lines mirror certain similar events occurring 

15 in the inflamed synovium itself (14 , 15 , 23 -25) . 

Finding additional genes that may be selectively expressed 
in the cultured synoviocyte obtained from inflammatory 
synovitis would likely provide further insight into the 

20 origin of the synoviocytes comprising the cultures, the 

biology of the intimal synoviocyte and the alterations that 
this cell and other synovial fibroblasts undergo in 
synovitis. To further this gene discovery process, a 
general approach was adopted based on the construction of 

25 representational difference libraries (26 , 27) that had been 

used to clone the differences between two complex genomes. 
It involves a cloning procedure with PCR amplification of 
cDNA to generate simplified representations of the 
expressed genes followed by a modified subtractive step and 

30 subsequent screening to facilitate the gene identification. 

By identification of these genes, it is discovered that 
SDF-1 is expressed on the synoviocytes which can activate 
the CXCP4 receptors on lymphocytes and monocytes, either 
3 5 causing them to enter the joint and initiate inflammation 

through a chemokine effect, or activate these cells that 
have entered the joint to enhance inflammation. 
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Summary of the Invention 

This invention provides a method for treating rheumatoid 
arthritis or other forms of inflammatory arthritis which 
5 comprises administering to a subject an amount of an agent 

effective to inhibit the activation of the CXCR4 receptor 
by SDF-1. 

This invention further provides a composition for treating 
10 rheumatoid arthritis comprising an effective amount of an 

agent capable of inhibiting the activation of the CXCR4 
receptor by SDF-1 and a pharmaceutical^ acceptable 
carrier . 

15 This invention also provides a method for determining 

whether an agent is capable of inhibiting the activation of 
a CXCR4 receptor by SDF-1 comprising: (a) contacting cells 
expressing the CXCR4 receptor in the presence of SDF-1 with 
the agent under conditions permitting activation of the 

20 CXCR4 receptor by SDF-1 if the agent is absent; and (b) 

determining whether activation of the CXCR4 receptor by 
SDF-1 is decreased in the presence of the agent relative to 
the amount of activation in its absence, such a decrease in 
the amount of activation indicating that the agent is 

2 5 capable of inhibiting the activation of the CXCR4 receptor 

by SDF-1. Finally, this invention provides agents 

identified by the such a method. 



30 
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Rrief Descrip tion of the Figures 

Fig i. Schematic chart describing the procedure for 

the identification of genes overexpressed in 
rheumatoid arthritis synoviocytes 

Y±g 2. Comparison of the amino acid sequence of 

human semaphorin III, IV, V, and mouse 
semaphorin E with the predicted sequence of 
human semaphorin VI. Nucleotide sequence of 
the cDNA fragment of human semaphorin VI was 
translated into an amino acid sequence, and 
compared to that of the corresponding region 
of human semaphorin III, IV, V and mouse 
semaphorin E. Conserved amino acids are 
indicated with boxes. One amino acid gap 
introduced in the human semaphorin III and 
V to obtain the best alignment was marked by 



pig 3. Comparison of amino acid sequence of the 

human N-acetylglucosamine-6-sulfatase and 
predicted amino acid sequence from the 
C.elegans cosmid K09C4 and the clone ts99. 
Nucleotide sequence of the cDNA fragment of 
the clone ts99 was translated to an amino 
acid sequence, and the corresponding region 
of the human N-acetylglucosamine-6-sulf atase 
and C.elegans cosmid K09C4 were compared. 
Conserved amino acids are marked with boxes . 

F ig 4. Representative Northern blot analysis of the 

isolated clones, lug polyA + RNA was used to 
run on a 1% agarose gel. The probes used are 
clone ML2122, clone ML2115, lumican, IGFBP5 , 
SDF-l-a, semaphorin VI, collagenase type IV. 
The first lane of each blot is RNA from 



cultured rheumatoid arthritis synoviocytes, 
and the second lane is RNA from cultured 
osteoarthritis synoviocytes. 
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Detailed Description of the Invention 



Throughout this application, reference to specific 
nucleotides are to nucleotides present on the coding strand 
5 of the nucleic acid. The following standard abbreviations 

are used throughout the specification to indicate specific 
nucleotides : 

C=cytosine A=adenosine 
10 T=thymidine G=guanosine 

This invention provides a method for treating rheumatoid 
arthritis or other forms of inflammatory arthritis which 
comprises administering to a subject suffering from such a 

15 condition an amount of an agent effective to inhibit the 

activation of a CXCR4 receptor by SDF-1, particulary the 
human CXCR4 receptor. Diseases which represent other forms 
of inflammatory arthritis are known in the art, and 
include, but are not limited to, psoriatic arthritis and 

20 inflammatory osteoarthritis. 

In one embodiment of the invention, the agent is an 
oligopeptide or a polypeptide. In a further embodiment, 
the agent is an antibody or a portion of an antibody such 
25 as a FAB fragment. In this embodiment the antibody is 

preferably human, partially human, chimeric, or a humanized 
ant ibody . 

In another embodiment, the agent is a nonpeptidyl agent. 
30 For example, the nonpeptidyl agent AMD3100 (Donzella, G.A., 

et al (1998) , AMD3100, a small molecule inhibitor of HIV-1 
entry via the CXCR4 co-receptor, Nature Medicine, 4:72- 
77) . 

35 AMD3100 is a bicyclam derivative and is representative of 

this class of chemicals. See DeVreese, K. et al . , Antiviral 
Research 29, 209-219 (1996) . 
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This invention provides a composition for treating 
rheumatoid arthritis comprising effective amounts of an 
agent capable of blocking the activation of the CXCR4 by 
SDF-1 and a pharmaceutically acceptable carrier. In an 
5 embodiment, the agent is oligopeptide. In another 

embodimet, the agent is a polypeptide. In a further 
embodiment, the agent is an antibody or a portion of an 
antibody, such as a FAB receptor. Preferably, the antibody 
is a human, humanized or chimeric antibody. 

10 

Pharmaceutically acceptable carriers are well-known to 
those skilled in the art and include, but are not limited 
to, 0.01-0. 1M and preferably 0 . 05M phosphate buffer or 0.8% 
saline. Additionally, such pharmaceutically acceptable 

15 carriers may be aqueous or non- aqueous solutions, 

suspensions, and emulsions. Examples of non-aqueous 
solvents are propylene glycol, polyethylene glycol, 
vegetable oils such as olive oil, and injectable organic 
esters such as ethyl oleate . Aqueous carriers include 

2 0 water, alcoholic/aqueous solutions, emulsions or 

suspensions, saline and buffered media. Parenteral 
vehicles include sodium chloride solution, Ringer's 
dextrose, dextrose and sodium chloride, lactated Ringer's 
or fixed oils. Intravenous vehicles include fluid and 

25 nutrient replenishers , electrolyte replenishers such as 

those based on Ringer's dextrose, and the like. 
Preservatives and other additives may also be present, such 
as, for example, antimicrobials, antioxidants, chelating 
agents, inert gases and the like. 

30 

The agent may be administered orally, parenterally or 
intra - art icularly. 

In another embodiment of the invention, the agent is a 
35 nonpeptidyl agent, such as the nonpeptidyl agent AMD3100. 



This invention also provides a method for determining 
whether an agent is capable of inhibiting the activation of 
a CXCR4 receptor by SDF-1 comprising: (a) contacting cells 
expressing the CXCR4 receptor in the presence of SDF-1 with 
the agent under conditions permitting activation of the 
CXCR4 receptor by SDF-1 if the agent is absent; and (b) 
determining whether the amount of activation of the CXCR4 
receptor by SDF-1 is decreased in the presence of the agent 
relative to the amount of activation in its absence, such 
a decrease in the amount of activation .indicating that the 
agent is capable of inhibiting the activation of the CXCR4 
receptor by SDF-1. In one embodiment, the CXCR4 receptor 
is a human CXCR4 receptor. In a further embodiment the 
cells are lymphocytes or monocytes. In yet another 
embodiment the CXCR4 receptor is expressed in prokaryotic 
or eukaryotic cells, including but not limited to 
bacterial, fungal, plant or animal cells using methods well 
known in the art . 

Finally, this invention provides an agent identified by the 
above-described method and a composition comprising an 
amount of an agent identified by the above -described method 
effective to inhibit the activation of the CXCR4 receptor 
by SDF-1 and a suitable carrier. 

This invention will be better understood from the 
Experimental Details which follow. However, one skilled in 
the art will readily appreciate that the specific methods 
and results discussed are merely illustrative of the 
invention as described more fully in the claims which 
follow thereafter. 



EXPERIMEN TAL DETAILS 



First Series of Experiments 

Synoviocyte culture. Synovial tissue was obtained at the 
time of joint replacement from a classic rheumatoid 
arthritis with 10-12 layers of hyperplastic lining cells 
which intensively expressed HLA-DR and HLA-DQ molecules, 
and showed replacement of the superficial lining layer with 
monocytoid cells and an extensive subintimal infiltration 
of lymphocyte aggregates and monocytes. The osteoarthritis 
sample was taken from a synovium that had no lining cell 
hyperplasia and no subintimal cellular infiltration. The 
tissue was minced, enzymatically dissociated and cultured 
through five passages in Isocove's Modified Dulbecco ' s 
Media (Gibco, Grand Island, NY) supplemented with selected 
lots of 10% fetal calf serum (Gibco, Grand Island, NY) and 
1% penicillin-streptomycin (Sigma, St. Louis, MO) as 
described (5) . The resulting cells which presumably 

included intimal and subintimal synoviocytes in varying 
proportions according to their proportion in the starting 
material were grown to confluence and passaged by brief 
exposure to dilutions of 1% trypsin-EDTA (Sigma, St. Louis, 
MO) . 

Construction of the subtraction library and preliminary 
sequencing. PolyA+ RNA was isolated from the fifth passage 
synoviocytes using a mRNA Isolation Kit (Stratagene) . 2ug 
of twice purified polyA+ RNA was used as a template for 
cDNA synthesis in the RiboClone cDNA Synthesis System 
(Promega) . The synthesized cDNA was ligated with the 
Oligonucleotides GATCCGCGGCCGC and GCGGCCGCGT as 
described (26) . After selection of fragments larger than 
250 nucleotides by fractionation through a Sephacryl S-400 
column (Pharmacia) and phosphorylation with T4 
polynucleotide kinase, the cDNA was digested with the 



restriction enzyme Mbol . The fragments were then ligated 
with oligonucleotides J-Bam-24 ACCGACGTCGACTATCCATGAACG and 
J-Bam-12 GATCCGTTCATG , and amplified as described (2 6 ) . The 
PCR products, after fractionation through Sephacryl S-400 
column, were digested with Mbol and they comprised the 
primary amplicon. DNA from rheumatoid arthritis 

synoviocytes was further ligated with oligonucleotides N- 
Bam-24 AGGCAACTGTGCTATCCGAGGGAG and N-Bam-12 GATCCTCCCTCG . 
The hybridization was performed as described (26 ) except 
that the ratio of tester and driver was kept 1:100 
throughout. lOug of the osteoarthritis primary amplicon 
were hybridized with 0 . lug of the rheumatoid arthritis 
primary amplicon in 5ul of 24mM EPPS,pH8.0, ImM EDTA, 1M 
NaCl for 2 0hr at 67C. The hybridized DNA was subjected to 
10 cycles of PCR with N-Bam-24 as a primer, followed by 
digestion with mung bean nuclease. One four hundredth of 
the digests was further amplified for 20 cycles. After 
digestion with Mbol, the DNA product was ligated with 
oligonucleotides R-Bam-24 AGCACTCTCCAGCCTCTCACCGAG and R- 
Bam-12 GATCCTCGGTGA . Hybridization and amplification steps 
were repeated. After redigestion with Mbol, the resulting 
differentially subtracted cDNA fragments were cloned into 
a BamHI site of the plasmid pUC18 . The recombinants were 
inoculated in an ordered grid pattern on nitrocellulose 
filters, which were then probed with the osteoarthritis 
cDNA amplicon 32 P-labeled with the Megaprime DNA labeling 
System (Amersham) . The DNA sequence of the non-hybridized 
recombinants was determined in an Applied Biosystems DNA 
Sequencer Model 373A or 377 using standard dye terminator 
chemistry. The seqman module of the Lasergene program 
(DNAstar) was used for identification of homologous 
recombinants and grouping them into groups. The Genman 
module of the Lasergene program was used to search the 
GenBank databases including the expressed sequence tag 
database on CDROM. BLAST was used to verify the 
identification of sequences that showed no homology with 
entries in the CDROM database . 
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Northern blot analysis. Probes were prepared from the 
clones by PCR amplification of the inserts, digestion with 
Mbol and isolation by electrophoresis on a 1% agarose gel. 
lug of the once purified polyA+ RNA of the same preparation 
used for the construction of subtraction library was run on 
a 1% agarose gel, containing 1.9% formaldehyde and 
hybridized with the 32 P-labelled probes as described (28) . 
The membranes were re -probed several times after stripping 
off the previous probe. 

Construction of a rheumatoid arthritis cDNA library. The 

same preparation of the cDNA from the rheumatoid arthritis 
■ patient used for the construction of the subtraction 
library was ligated with EcoRI adapters. These constructs 
were cloned into AgtlO by standard procedures and the 
library was screened as described previously (29) . 

EXPERIMENTAL RESULTS 

Identification of genes differently represented in the 
cultured rheumatoid arthritis and osteoarthritis 
synoviocytes. To identify genes that may be differently 
expressed in the cultured rheumatoid arthritis and 
osteoarthritis synoviocytes, cell lines originating from a 
carefully selected highly inflammatory rheumatoid arthritis 
synovium and an osteoarthritis synovium with no lining cell 
hyperplasia or inflammatory cell infiltration were chosen. 
Two subtraction cycles were performed between polyA+ RNA 
from fifth passage rheumatoid arthritis and osteoarthritis 
synoviocytes followed by negative screening of the 
resulting difference representation clones with a probe 
consisting of the 32 P-labelled osteoarthritis synovial 
f ibroblastoid cDNA amplicons (Fig. 1) . 319 recombinant 
clones were selected for further analysis by DNA 
sequencing . 



-13- 

Nucleotide sequencing revealed that many of those 319 
recombinants had the same sequence, comprising of distinct 
2 4 sequence groups. As would be expected, the number of 
recombinants representing each group varied considerably, 
5 ranging from just one to as many as 77 recombinants (Table 

1) . Comparison of the sequence with the GenBank database 
revealed that 16 sequence groups showed more than 97% 
homology with the previously identified human genes (Table 
l) . In the case of insulin-like growth factor binding 
10 protein 5 (IGFBP5) and interferon- inducible 56kd protein 

(II56kd protein) two cDNA fragments derived from the 
different portion of the same gene. 



Name of aene Number of Clones 

15 Group 1 * 

Manganese superoxide dismutase 8 

Collagenase type IV 4 

Complement factor B 4 

a-B crystallin l 

20 Interf eron-gamma IEF SSP 5111 1 

B94 protein 1 

HLA-E heavy chain 1 

NMB protein 9 

Muscle fatty-acid-binding protein 1 
25 Group 2 * 

VCAM-1 2 

II56kdprotein 42 

71kd 2 ' -5 ' -oligoadenylate 1 

synthetase 

30 Mac2 binding protein 21 

Biglycan 16 

Lund, can 3 

IGFBP5 107 

SDF-l-a 69 

3 5 Semaphorin VI 1 



Table 1. List of the identified genes and number of 
obtained clones. 
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On Northern blot analysis, Group 1 genes showed little 
difference in the intensity of hybridization between 
cultured rheumatoid and osteoarthritis synoviocyte RNA. 
Group 2 genes exhibited overexpression in rheumatoid 
arthritis synoviocytes compared with osteoarthritis 
synoviocyte . In the case of the genes that were represented 
in two different sequence groups, a total number of clones 
are shown in the table. Those genes are II56kd protein, 8 
+ 34, IGFBP5, 30 + 77, and SDF-la 28 + 41. 

Characterization of novel genes. Of the remaining 8 
sequence groups, two highly represented clones with copy 
numbers of 2 8 and 41 in the library had 32% and 25% 
similarity, respectively, to the 3 ' -untranslated region of 
the mouse SDF-la. These fragments hybridized with the same 
clones from the AgtlO rheumatoid arthritis synoviocyte 
library, indicating that they derived from the same 
transcript . 

The nucleotide sequence of the clones showed high homology 
with mouse SDF-la in the coding region (data not shown) , 
and was almost identical with the subsequently published 
sequence of the human SDF-la gene (30) . 

Another clone was found to have 9 0% homology with mouse 
semaphorin E at the nucleotide level and 94% at the 
putative amino acid level . This suggested that the isolated 
clone was a human homologue of the mouse semaphorin E, and 
it was tentatively named human "semaphorin VI". A comparison 
of the amino acid sequences with the previously described 
human semaphorins III, IV, V and mouse semaphorin E is 
shown in Fig . 2 . 

Analysis of another clone showed some homology at the 
nucleotide level and more significantly at the putative 
amino acid sequence level with a variety of sulfatases. 
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Among human genes the greatest similarity was with the 
human N-acetyl-glycosamine sulfatase. However the sequence 
of this clone was most homologous with the putative amino 
acid sequence derived from the C. elegans genomic cosmid 
K09C (Fig. 3) . 

A portion of the sequence of clone ML2115 was 99% identical 
with the EST sequence AA447232. The remaining clones did 
not show significant homology to any known genes in either 
nucleotide level nor in translated amino acid level, and 
their identification is continuing. 

Northern analysis. To determine the actual difference in 
level of expression of the genes characterized by the 24 
different recombinant clones, Northern analysis of polyA+ 
RNA from the two cell lines used to make the difference 
library was performed. The level of GAPDH expression was 
not detectably different between both synoviocytes (data 
not shown) . Fig. 4 illustrates a representative gel using 
inserts of clones as probes from, lumican, IGFBP5, SDF-la, 
semaphorin VI, collagenase type IV and the two clones, 
ML2122 and ML2115 which did not show appreciative homology 
to the known genes. As shown, the expression of 
collagenase type IV did not differ significantly between 
the two RNA preparation. Similarly, the expression of 
genes depicted in Group 1, Table 1, such as HLA-E, a-B- 
crystallin and manganese superoxide dismutase had minimally 
increased or essentially equivalent levels of expression in 
the osteoarthritis and rheumatoid arthritis synoviocyte 
cell lines. 

However, of the genes identified in this study, 11 had 
moderate to marked differentially elevated expression in 
the rheumatoid arthritis synoviocyte line used for the 
subtraction (Table 1. Group 2), suggesting that these genes 
were constitutively overexpressed in cultured rheumatoid 
arthritis synoviocytes. These 11 genes included: VCAM-1, 



-16- 

Mac-2 binding protein (Mac-2BP) , IGFBP5 , biglycan, lumican, 
SDF-la, II56kd protein, 71kd 2' -5" oligoadenylate 
synthetase, semaphorin VI, and two clones ML2115 and 
ML2122 . The clone ML2115 hybridized with a 6 kb mRNA. The 
clone ML2122 hybridized with three species of mRNA of which 
4.7 kb was the major one (Fig. 4) . The characterization of 
these clones is being continued. 

Since SDF-la has an alternatively spliced form SDF-l-p 
with which it shares the most of coding region but a 
different 3 « -untranslated region(30), the expression of 
SDF-13 was investigated. Its expression was also found to 
be increased in parallel with that of SDF-la in the 
rheumatoid arthritis synoviocytes compared to the 
osteoarthritis cells (data not shown) . 

EXPERIMENTAL DISCUSSION 

The objective of the present study was to develop a method 
to identify additional genes that comprise the distinctive 
biochemical and cell physiologic phenotype of cultured 
rheumatoid arthritis f ibroblastoid synoviocytes. Of 24 
genes characterized by this procedure, 11 were found to be 
constitutively overexpressed by Northern analysis in the 
rheumatoid arthritis synoviocyte culture used for 
subtraction and three were novel genes. The relatively 
unbiased gene discovery approach used to subtract 
differential representations of the expressed genes in the 
two prototype cell lines is a general method useful for the 
identification of differentially expressed genes. The 
characteristics of the genes identified in the present 
study direct increased attention to the possibilities that 
synoviocytes from synovia with marked lining cell 
hyperplasia are characterized both by different matrix and 
cell -cell interactions and by the fact that they likely 
provide guidance clues and sites for receptor interaction 
to infiltrating monocytes and lymphocytes during normal 



histogenesis of the synovial lining, providing a mechanism 
for the location of monocyte lineage cells in the intimal 
layer. Moreover, in an exaggerated mode of leukocyte 
ingress that could occur during synovial hyperplasia, these 
gene products might foster the localization of an immune or 
autoimmune response to the joint. Taken together the 
results direct further attention to the role of mesenchymal 
cells in immune -mediated diseases. 

In the present experiments special attention was directed 
to the selection of the tissue source of the two cell lines 
used in the subtraction. Prior studies showed that cell 
lines obtained from patients clinically characterized as 
osteoarthritis with various degrees of inflammatory 
synovitis elaborated proinflammatory cytokines in patterns 
often similar to those found in rheumatoid arthritis 
samples (16, 25) . In this study the reference synovial sample 
was from a patient with osteoarthritis who had no evidence 
of synovitis with only a single cell layer of intimal 
synoviocytes. In contrast the rheumatoid arthritis 
synovium used for gene isolation had 10-12 layers of 
hyperplastic lining cells. It should be stressed that a 
limitation of this study is that it is not possible to 
identify the site of origin in the synovial lining of the 
cultured synoviocytes, although application of reagents 
directed to identification of these products of these genes 
in situ should facilitate resolving the question of their 



The gene discovery approach used in this work was initially 
developed to detect the absolute difference between two 
genomes where each gene is present in the same ratio (26). 
Because of the differences in the number of each mRNA 
species and the likelihood that the frequencies of certain 
mRNA species relatively differed between cultured 
rheumatoid arthritis and osteoarthritis synoviocytes, the 
subtraction steps were modified by reducing the ratio of 



the tester and driver DNA. This had the effect of 
decreasing the completeness of the subtraction step, but 
increasing the possibility of discovering genes expressed 
at a variety of different levels in the two cell lines. To 
compensate for any potential inefficiency of subtraction, 
a negative selection screening step was added using the 
driver osteoarthritis synoviocyte cDNA amplicon as a probe, 
and the constitutive increase in expression of the 
identified genes was confirmed in Northern analysis. 

Several technical points require comment. The cDNA 
synthesis was primed with oligo (dT) to bias the ultimate 
library towards one rich in 3 1 -untranslated regions, 
because the nucleotide sequence of this region is more 
divergent than that of the coding regions. The restriction 
enzyme Mbol was chosen to create DNA fragments of 
relatively small size to facilitate efficient and even 
amplification by PCR, and to increases the chance of 
isolating genes which are differentially spliced and/or 
members of a supergene family. The DNA fragments were 
fractionated through a Sephacryl S-400 column to avoid 
biased amplification of numerous fragments smaller than 250 
nucleotides . 

The subtractive method is less influenced by differences in 
a low copy number mRNA species than the related 
differential display method, however the number of 
recombinants analyzed places a sampling error limit on the 
identification of a rare species. In the present study, 
some differentially expressed genes were identified only by 
the presence of a single recombinant. There are additional 
technical reasons, such as the absence of appropriate Mbo 
1 sites why some genes previously expressed in cultured 
inflammatory synoviocytes might not be 

identified(16,25,31) . 



Of the 11 genes constitutively increased in expression in 
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the rheumatoid synoviocytes, VCAM-1, a HOkd member of the 
immunoglobulin gene superfamily, and Mac-2BP, also termed 
'90k tumor associated protein 1 , both exhibit properties that 
suggest they could mediate heterotypic binding of monocyte - 
5 lineage intimal synoviocytes to f ibroblastoid lineage 

synoviocytes. VCAM-1 has been previously described as 
markedly increased on rheumatoid arthritis 

synoviocytes (1 , 23) and the identification of VCAM-1 by this 
difference method supports the validity of this gene 

10 discovery approach for intimal synoviocytes. VCAM-1 binds 

circulating monocytes and lymphocytes expressing the ot /i $ 1 
(VliA4) integrin. Mac-2BP, a heavily N-glycosylated secreted 
protein which binds stoichiometrically to the macrophage - 
associated lectin Mac-2 (galectin-3) (32,33), also binds to 

15 the monocyte CD14 structure in the presence of LPS and 

LBP{34). Binding of Mac-2BP to these receptors initiates 
monocyte- lineage cells to secrete IL-1 and IL-6 and 
increases their expression of ICAM-1 (35 , 36) . This 
alteration in monocyte state could be one of the factors 

20 modulating the cell into' a synovial lining macrophage. 

The overexpression of the semaphorin VI by synoviocytes is 
intriguing because the semaphorins are a family of 
transmembrane signalling and secreted guidance glycoprotein 

25 molecules that are implicated in directing axonal 

extension (37) . However, in view of the relatively small 
number of axons in the synovium, it seems unlikely that the 
physiologic role of the semaphorin VI molecule is to signal 
through an axonal receptor. Rather, one might conjecture 

30 semaphorin VI plays some role in chemotaxis of monocytes 

and their differentiation. Suggesting a broader role of 
semaphorin molecules in cellular interaction, CD100 which 
plays a role in B-cell activation parallel to that of CD40 
ligand has recently been identified as a member of this 

35 family (38) . A report of the overexpression of semaphorin 

VI gene in rheumatoid arthritis synovial f ibroblastoid 
cells by the differential display method appeared while 
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this manuscript was in preparation (3 9) . 



Another molecule const i tut ively expressed by the rheumatoid 
synoviocyte was the chemokine SDF-la. It was first 
identified as a pre-B cell growth stimulating factor 
produced by marrow stromal cells (40 , 41) . SDF-l-a attracts 
pro- and pre-B cells (42) as well as CD34+ hematopoietic 
progenitor cells (43). Mice genetically deficient for SDF-la 
lack B-cells and have hematopoiesis only in their 
liver (44) . SDF-la is the ligand for the CXCR-4 chemokine 
receptor that serves as a co receptor for entry of T- tropic 
syncytial inducing forms of HIV into T-cells(45). SDF-la 
has recently been the subject of an interesting series of 
studies that demonstrated this chemokine to be a highly 
efficacious transendothelial chemoattractant for both 
monocytes and T- lymphocytes (46 ) . It is not clear that SDF- 
1(3 has a biologic activity different from that of SDF-la at 
the moment. We speculate that the production of SDF-1 by 
intimal synoviocytes in the normal joint could act as a 
guidance cue for the continual entrance into the intimal 
synovial membrane of monocyte lineage precursors committed 
to differentiation into phagocytic lining cells. Similarly 
SDF-1 and other chemokines elaborated by the normal 
synoviocytes may act to enhance the ingress of lymphocytes 
into the joint tissues to facilitate physiologic 
surveillance functions. 

Several genes were identified as constitutively expressed, 
indicating the possibility of altered cell -matrix 
interactions as part of the distinctive rheumatoid 
arthritis synoviocyte phenotype . Lumican is a keratan 
sulfate proteoglycan that plays a critical role in the 
basis of corneal transparency (4 7 ) . In adult cartilage 
lumican exists predominantly in a glycoprotein form lacking 
keratan sulfate (48). Macrophages do not adhere to intact 
corneal keratan sulfate proteoglycans but attach and spread 
rapidly on the lumican core protein after the removal of 



keratan sulfate chains (49). This observation suggests some 
species of lumican could also act to localize macrophages 
to sites of the synovium. Biglycan, a dermatan sulfate- 
proteoglycan, is both induced by TGF-£, and binds TGF- 
(3(50), suggesting that biglycan may down regulate TGF-£ 
activity by sequestering this growth factor in the 
extracellular matrix. IL-6 stimulates the expression of 
biglycan, while TNF-a depresses its expression (51) . 
IGFBP5 , was the most highly represented species in the 
difference library. This molecule increases IGF-1 binding 
to the fibroblast membrane by attaching to the 
extracellular-matrix proteins, types III and IV collagen, 
laminin and f ibronectin (52 ) . IGFBP5 may have an 

.antiinflammatory role that opposes the effect exhibited by 
IL-1 and TNF-a of stimulating proteoglycan degradation and 
decreasing proteoglycan synthesis (53) . The observation that 
IGFBP5 is further induced by exposure of cells to 
prostaglandin E2(54) is of interest with respect to the 
pattern of morphologic change and gene activation observed 
in synoviocyte cultures upon addition of this agent (55). 

The 71kd 2 '-5' oligoadenylate synthetase is a subunit of 
one of several interferon- induced enzymes that, when 
activated by double- stranded RNA, convert ATP into 2 '-5' 
linked oligomers of adenosine (56) . The interferon- 
inducible 56kd protein is of unknown function, but in 
common with 2 ■ -5 ' oligoadenylate synthetase is strongly 
induced by interferons (57 ) . The expression of these two 
genes directs attention to the presence of activation-like 
features in the phenotype of the rheumatoid arthritis 
synoviocytes . 

In prior studies it was found that the relative 
overexpression of known genes comprising the distinctive 
phenotype of cultured inflammatory synoviocytes varied 
somewhat from cell line to cell line (16,25) . ' Preliminary 
evidence using these newly isolated genes indicates similar 
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sample to sample variation in the relative degree of 
expression of one overexpressed gene relative to another by 
Northern analysis. Similarly, additional studies will be 
required to determine whether the levels of expression of 
the remaining genes that were not preferentially 
overexpressed in rheumatoid synoviocytes distinguish 
synoviocytes in general from f ibroblastoid cells in other 
anatomic sites. 

The identification of a group of constitut ively 
overexpressed genes in this study is relevant to the three 
principal cell biologic possibilities explaining the origin 
of the distinctive phenotype of these cultured rheumatoid 
synoviocytes. We and others have postulated that the 
phenotype could result from sustained modulation of gene 
expression in several fibroblast lineage cells of the joint 
that developed as a response to prolonged paracrine 
signalling through products of a local immune response, 
analogous to a phenotypic imprinting process (2). A second 
possibility is that the cells are primarily 'transformed' as 
suggested by Gay and colleagues (9) . However, perhaps most 
likely in view of the features of the genes isolated in 
this study, is a third possibility that the phenotype 
exhibited by these cells is similar to that of the normal 
intimal synoviocyte. Thus at the start of an experiment, 
a culture derived from rheumatoid arthritis synovia 
characterized by marked intimal synoviocyte hyperplasia 
would contain an increased proportion of intimal lining 
synoviocytes that are responsible for the resulting 
phenotype of the cultured cells because of their lineage 
difference in patterns of gene expression. 

Each of these three potential origins shares in common the 
possibility that the presence of increased quantities of 
these guidance and cell interaction molecules may itself 
create a novel synovial microenvironment that could 
facilitate interactions with monocyte lineage cells and 
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foster the entry of large numbers of inflammatory and 
immune leukocytes. The first two mechanisms imply that the 
contribution of synoviocytes to the cell biologic basis of 
synovitis is qualitatively based due to the presence of 
abnormally activated or modulated cells while the third 
mechanism implies a quantitative over representation of 
members of a normal cell lineage that physiologically 
exhibits distinctive properties. In each case, the 
resulting environment may modulate or deviate an ongoing 
immune response and reenforce its subsequent evolution into 
an autoimmune process. 

Since inflammatory imprinting or hyperplasia could be 
initiated by a non specific minor traumatic event or even 
driven by a local immune response to a common pathogen, 
this might provide a non antigen-specific mechanism for 
localizing potential pathogenic immune responses to the 
joint. For example, an additional action of SDF-1 at 
higher concentrations could be the facilitation of earlier 
stages of peripheral B-cell development in the synovial 
milieu that are relevant to the presence and maturation of 
abundant B-cells in the rheumatoid synovium and to their 
production of rheumatoid factors (58). Furthermore, several 
additional molecules produced by the synoviocyte can 
interact to facilitate other aspects of B-cell development. 
IL-6, a cytokine with effects on B-cell differentiation, is 
constitutively increased in synoviocytes obtained from 
rheumatoid arthritis patients (16) and its synthesis by 
monocytes is induced by Mac-2BP, as described above. 
Interleukin 7-dependent proliferation of pre-B cells is 
also enhanced upon exposure to biglycan(59) . Similarly 
these molecules could attract and facilitate interaction 
with and activation of monocytes. For example, Mac-2BP 
which induces homotypic monocyte aggregation and 
activation (33) could be a factor present in supernatants 
from cultured rheumatoid arthritis synoviocytes that 
induces blood monocytes to form giant cells (60) . Thus, 
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along with the variety of genes that mediate the well 
recognized effector functions of matrix remodelling and 
tissue destruction (55) , the genes expressed fay the 
mesenchymal cells of the joint may affect antigen non 
5 specific immune localization or amplification mechanisms 

that could play a role in the puzzling phenomenon of why 
localized joint inflammation develops in many disparate 
diseases in the setting of immune responses that apparently 
have little to do with the joint. 
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Second Series of Experiments 

Immunolocalization of SDF-1 and CXCR-4 to different cells 
5 in the joints of patients with rheumatoid arthritis. 

Objective: In support of the prior observation of the 
synthesis of SDF-1 on Northern analysis by cultured 
synovial lining cells from rheumatoid arthritis and other 
10 forms of inflammatory arthritis, the synovial tissues of 

patients with rheumatoid arthritis were studies using a 
polyclonal goat anti SDF-1 antibody. Similarly, the tissue 
was studied for the expression of CXCR4 , the receptor for 
SDF-1 

15 

Results: The hyperplastic layer of f ibroblastoid synovial 
lining cells showed intense staining for the presence of 
SDF-1. The lymphocytes and monocytes infiltrating in the 
sub lining cell region of the joint exhibited intense 
20 staining for the expression of CXCR4 . Similarly, the 

monocyte- lineage cell in the synovial lining, but not the 
fibrolastoid synovial lining cells also expressed CXCR4 . 

Interpretation: The observations are consistence with the 
25 first series of experiments. That SDF-1 is made by 

f ibroblastoid synovial lining cells and that this chemokine 
attracts lymphocytes and monocytes into the joint tissue to 
cause join inflammation. 

30 Third Series of Experiments 

Expression of Chemokine SDF-1 by Intimal Synoviocytes 

The chemokine stromal derived factor- 1 (SDF-1) was first 
35 identified as a pre-B cell growth stimulating factor 

produced by marrow stromal cells necessary for its 
population by pro- and pre-B cells and CD34 + hematopoietic 
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progenitor cells. SDF-1 has known to be a highly- 
efficacious transendothelial chemooattractant for monocytes 
and T-cells. The SDF-1 receptor, CxCR4 , also serves as a 
co-receptor for HIV entry into T cells. We identified SDF-1 
as a gene overexpressed by cultured synovial f ibroblastoid 
cells from an individual with rheumatoid arthritis (RA) 
compared with those from osteoarthritis (OA) by 
differential subtraction. To investigate whether SDF-1 is 
generally overexpressed in RA synovial f ibroblastoid cell 
lines, Northern analysis was performed with RNA from 
f ibroblastoid cell lines of 11 RA and 2 OA samples. 8 of 
the RA lines were from synova with marked lining cell 
hyperplasia, massive inflammatory infiltration and 
neovasculization. All 8 exhibited moderate to marked 
overexpression of SDF-1. The remaining 3 RA individuals had 
only mild infiltration with little lining cell hyperplasia 
but considerable neovasculization. These 3 RA and 2 
noninflammatory OA cell lines had much lower expression of 
SDF-1, suggesting a correlation between the level of SDF-1 
expression in synoviocyte lines and features of the tissue 
from which they were derived. Staining of synovial tissues 
from 3 OA and 2 RA synovia with a polyclonal antibody to 
SDF-1 revealed 60-70% positivity of intimal synoviocytes in 
OA. In RA there was markedly stronger and more extensive 
SDF-1 staining in the hyperplastic lining with additional 
staining of some subintimal f ibroblastoid cells. The 
results suggest that increased SDF-1 elaboration by intimal 
synoviocytes and possible other f ibroblastoid cells may 
participate in the pathology of RA by enhancing recruitment 
of monocytes and T- lymphocytes into the synovium. 



